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© Card type semiconductor device and method of manufacturing it 


© A card type semiconductor device which has a 

main circuit board (2) equipped with primary mod- 
^ ules such as a CPU (10) and an I/O sub-system chip 
^ (13) and a first sub-circuit-board (3) equipped with a 
— main memory (9). The main circuit board is Gori- 
ly nected to the first sub-circuit-board through an FPC 
^ (4). Further, a first TCP (5) equipped with the CPU 
(V) and a second TCP (6) equipped with the I/O sub- 
00 system chip are mounted on both of the top and 

bottom surface of the main circuit board in such a 
O manner that the second TCP is placed just opposite 

the first TCP. The card type semiconductor device is 
ffi used as a card type computer by bending the FPC 


and facing the main circuit board to the sub-circuit- 
board and enclosing the main circuit board and the 
sub-circuit-board in a card-shaped thin housing. 
Thereby, reduction in size and thickness of the card 
type semiconductor device can be achieved. Fur- 
ther, a high density packaging can be realized. 
Moreover, an operation of the card type semicon- 
ductor device can be performed at a high speed. 
Furthermore, the performance of the card type semi- 
conductor device can be easily and most appro- 
priately changed in a short time at a low cost without 
changing the primary modules only by replacing the 
sub-circuit-board with another circuit board. 
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BACKGROUND OF THE INVENTION 

1 . Field of The Invention 

This invention relates to a structure of a card 
type semiconductor device, in which electronic 
components such as an integrated circuit (IC) chip 
and an large-scale integrated (LSI) circuit are 
mounted on a printed circuit board, and to a meth- 
od for manufacturing such a card type semi-con- 
ductor device. Incidentally, such a card type semi- 
conductor device can be incorporated into various 
industrial equipments and consumer-oriented 
equipments as a card-like small computer on which 
a central processing unit (CPU) and an IC for 
controlling peripheral equipment are mounted. 

2. Description of The Related Art 

Previously, with the advance of microcomputer 
technology, electronic control systems using com- 
puters have been widely employed in the field of 
consumer-oriented equipments such as commu- 
nication equipment and audio and video equip- 
ments in addition to the field of various industrial 
equipments such as an automatic machine tool, an 
automobile, medical and industrial control systems, 
a vending machine and an automatic cash dis- 
penser. Generally, a high proportion of computer 
systems incorporated in such equipments are dedi- 
cated systems, each of which is designed and 
manufactured on the basis of the uses, functions 
and design of such an equipment and diverse 
operating conditions of peripheral devices so as to 
be the most suitable for such an equipment. There- 
fore, such a conventional computer system has 
drawbacks in that the development and manufac- 
turing of the system cost much tabor and take 
much time and that the manufacturing cost of the 
system increases. In contrast, regarding the ar- 
chitecture of the computer system, a specific ar- 
chitecture, for example, IBM PC/AT becomes a 
substantial standard. Most of peripheral devices 
conforming to such a standard can be shared 
among the computer systems. 

Thus, there has been proposed an electronic 
apparatus as described in the specification of the 
Japanese Patent Application No. 5-278643/1993. In 
this electronic apparatus, a computer system to be 
incorporated into an equipment is changed into a 
unit system by enclosing the computer system in a 
compact card-like housing, for the purpose of re- 
alizing a general purpose computer system in 
terms of the shape and structure thereof. Thereby, 
the trouble and time required for designing and 
manufacturing a computer system corresponding to 
each equipment can be saved. Moreover, the cost 
can be reduced. Usually, such an electronic ap- 


paratus is formed by mounting a CPU, a memory, 
ICs for controlling input/output peripheral devices 
and the like on a printed circuit board. Further, the 
flexibility of hardware can be obtained by unifying 
5 the size, the shape and so forth of each of the 
printed circuit board and the card-like housing for 
enclosing thereof. 

On the other hand, the miniaturization, reduc- 
tion in weight, decrease in thickness and increase 
w in performance of various electronic equipment 
have been rapidly promoted. Especially, in the field 
of computer technology, with dramatic increase in 
information content, the speed-up of information 
processing is demanded. Therefore, the deveiop- 
75 ment of various packaging techniques for connect- 
ing electronic components, together with the reduc- 
tion in thickness of a printed circuit board, the 
decrease in pattern size, the employment of a 
multilayer structure and the miniaturization of elec- 
20 tronic components, has been performed. For exam- 
ple, the surface mounting techniques for imple- 
menting IC packages such as a quad flat package 
(QFP) by utilizing a reflow soldering and the bare 
chip packaging techniques for implementing ICs by 
25 utilizing chip on board (COB) and tape automated 
bonding (TAB) methods are widely employed. 

Especially, a tape carrier package (TCP) imple- 
mented by the TAB method excels in mass-pro- 
ductivity because the TCP can be connected to a 
30 printed circuit board with one operation regardless 
of the number of electrodes and leads. Moreover, 
the TCP is characterized in that the lead pitch 
thereof can be narrowed and that the TCP can be 
used for a large-chip high-pin-count device. Thus, 
35 the TCP is suitable for a high density packaging. 
Generally, in the case where a TCP is mounted on 
a printed circuit board, a method illustrated in FIG. 
21 is performed. Namely, the TCP 87 to be moun- 
ted is first put on the printed circuit board 86. 
40 Then, outer leads 89 of the TCP 87 are pressed 
upon lands 90 provided on the printed circuit board 
86 by using a bonding tool 88 lowered from above 
the TCP 87. If necessary, the outer leads 89 are 
simultaneously heated. Subsequently, the outer 
45 leads 89 are connected thereto by a soldering or 
by performing a thermocompression or the like. At 
that time, the bonding tool 88 presses joint portions 
therebetween with a pressure of 10 kgf (98 N) or 
so. Thus, the printed circuit board should be 
so placed on the flat top surface of a pedestal 91 and 
also should be sufficiently supported by the pedes- 
tal 91 from the back surface thereof. 

However, in the cases of designing and manu- 
facturing a computer system by using the unit 
55 electronic apparatus, it is necessary to suitably 
establish the performance such as the operating 
speed and memory capacity of each of semicon- 
ductor devices to be mounted in the system ac- 
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cording to the functions and operating conditions 
required by an equipment or a facility, into which 
the system is incorporated. Further, in the case of, 
for example, a control system for an automatic 
machine tool or the like, it becomes necessary to 
rewrite data, which is stored therein, according to 
alterations of an object to be machined and of 
machining conditions and correspondingly to 
change in model of the tool to be used. Therefore, 
if the printed circuit board is redesigned or the 
entire circuit board is changed even when the 
system can keep up with the technological ad- 
vances only by changing the memory capacity 
thereof, the system can not take full advantage of 
the flexibility or versatility thereof obtained as a 
result of being constituted as a unit system. 

Further, in the case of performing the afore- 
mentioned conventional mounting method, when 
mounting a plurality of TCPs on both sides of a 
printed circuit board, respectively, a part of the 
TCPs are first mounted on one of the top and 
bottom surfaces of the printed circuit board. There- 
after, the remaining TCPs are mounted on the 
other of the top and bottom surfaces thereof. At 
that time, the printed circuit board 86, however, 
should be placed on the pedestal 91 in such a 
manner as to prevent the TCPs 92 earlier con- 
nected to the one of the top and bottom surfaces of 
the board 86 from touching the pedestal 91. Thus, 
the TCP 87 to be connected to the other of the top 
and bottom surfaces of the printed circuit board 86 
can not be placed thereon just in back of the TCP 
92 earlier connected to the opposite surface there- 
of. As a result, the areas of both of the top and 
bottom surfaces of the printed circuit board can not 
be effectively utilized. Thus, it becomes difficult to 
miniaturize the semiconductor device. Consequent- 
ly, the conventional mounting method has encoun- 
tered a problem that the density of the electronic 
components such as TCPs can not be sufficiently 
increased. 

Especially, in the case of using a multilayer 
printed circuit board, usually, through holes are 
bored in the circuit board and further electrode 
terminals of TCPs are connected to the intercon- 
necting lines of an internal layer circuit. However, 
in the case of the aforementioned conventional 
mounting method, there is a limit to the extent to 
which a plurality of ICs operating depending upon 
one another can be closely arranged on the circuit 
board. If such ICs are located apart from one 
another on a printed circuit board and are con- 
nected to both of a power supply line and a 
grounding line via through holes separately bored 
therein, undesirable differences and variations in 
power supply potentials of such ICs and a ground- 
ing potential may occur. Thus, the stability of an 
operation of the system may be degraded. More- 


over, in the case where the number of the through 
holes is large, the area of the used circuit board 
becomes large. As a result, it becomes more dif- 
ficult to miniaturize a circuit board and semicon- 

s ductor devices. The conventional mounting method 
can not meet the needs of miniaturizing electronic 
equipment. Additionally, the lengths of interconnec- 
ting lines becomes long. Consequently, a desired 
high-speed operation can not be expected. 

10 Furthermore, with the progress of the high- 

density packaging of a printed circuit board, heat 
generated in each IC is increased. Therefore, from 
the viewpoint of an ensuring of the durability of a 
circuit board and the stability of an operation of the 

75 system, it is very important to efficiently dissipate 
the generated heat. If heat dissipating means such 
as a radiation fin and a heat sink or a liquid cooling 
apparatus is used for that purpose, the cost is 
increased. In addition, the size of the entire circuit 

20 board becomes large. Consequently, it becomes 
more difficult to miniaturize semiconductor devices 
and equipments provided with such semiconductor 
devices. 

The present invention is accomplished to re- 
25 solve the problems of the conventional device and 
method. 

Accordingly, an object of the present invention 
is to provide a card type semiconductor device 
which has sufficient flexibility or versatility ensured 

30 by forming the basic configuration thereof as a unit 
to thereby reduce the cost thereof, and also has 
adaptability to a special purpose, which is ability to 
easily adapt to different functional requirements 
and operating conditions in a short time, especially, 

35 ability to easily change the memory capacity there- 
of. 

In addition, reduction in size and thickness of a 
printed circuit board has been required to meet 
demands for forming the entire device as a com- 

40 pact unit. Especially, in the case where thermoset- 
ting protective resin for protecting IC chips is ap- 
plied to a circuit board to which bare IC-chips are 
connected at a high density, a deformation such as 
a warp may appear in the circuit board after the 

45 protective resin has set. Therefore, another object 
of the present invention is to provide a card type 
semiconductor device having a structure in which a 
thin circuit board is resistant to deform. 

Moreover, as the result of reduction in size and 

50 thickness of the entire device, it becomes neces- 
sary to ensure sufficient strength and durability of 
the device for handling the device in a field. Hence, 
a further object of the present invention is to pro- 
vide a card type semiconductor device having a 

55 sufficiently strong and durable structure, by which 
the entire device can be compact. 

Furthermore, with the progression of the down- 
sizing and performance improvement of computer 
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systems, the high-density packaging and the re- 
duction in size of patterns formed on the circuit 
board have been fostered. Moreover, the power 
consumption thereof can be saved or reduced. As 
a consequence, the semiconductor device be- 
comes susceptible to the influence of external 
noises and that of radiation noises of a circuit 
thereof. Especially, operations of analog circuit por- 
tions such as a floppy disk drive unit, an analog-to- 
digital (AD) converter and a phase-locked loop 
(PLL) may become unstable under the influence of 
variation in power supply potentials of digital circuit 
portions. 

Thus, still another object of the present inven- 
tion is to provide a card type semiconductor device 
which can eliminate the fear of a malfunction by 
decreasing the influence of the noises, especially, 
upon the analog circuit portions and can ensure the 
stability and reliability of operations thereof. 

Further, yet another object of the present in- 
vention is to provide a method for manufacturing a 
card type semiconductor device, which can rela- 
tively easily manufacture a card type semiconduc- 
tor device having both of the flexibility and the 
adaptability to a special purpose without making a 
considerable change in a conventional process and 
increasing the cost. 

Furthermore, a still further object of the present 
invention is to provide a card type semiconductor 
device suitable for a high density package and 
reduction in size, in which a plurality of package 
type IC components to be mounted on both of the 
top and bottom surfaces of a printed circuit board 
can be arranged in such a manner that the IC 
components mounted on one of the top and bottom 
surfaces of the printed circuit board are positioned 
thereon right in back of the IC components moun- 
ted on the opposite surface thereof, whereby the 
area of the surfaces of the circuit board can be 
efficiently utilized and the degrees of freedom in 
designing a circuit can be increased. 

In addition, another object of the present inven- 
tion is to provide a card type semiconductor device 
which can increase the operating speed thereof 
and can improve the stability and reliability thereof 
by reducing the lengths of interconnecting lines, 
especially, among IC chips operating largely de- 
pending upon one another. 

Further, an additional object of the present 
invention is to provide a card type semiconductor 
device provided with a heat dissipating structure, 
which can effectively dissipate heat produced in 
the IC chips by performing a relatively simple 
method without using expensive heat dissipating 
means and a cooling device and can meet the 
demand for reduction in size of the device at a low 
cost, in addition to the arrangement of a plurality of 
package type IC components mounted on both of 


the top and bottom surfaces of a printed circuit 
board in such a manner that the IC components 
mounted on one of the top and bottom surfaces of 
the printed circuit board are placed thereon right in 

5 back of the IC components mounted on the op- 
posite surface thereof. 

Additionally, a further additional object of the 
present invention is to provide a method for rela- 
tively easily manufacturing a card type semicon- 

w ductor device, in which a plurality of package type 
IC components are mounted on both of the top and 
bottom surfaces of a printed circuit board in such a 
manner that the IC components mounted on one of 
the top and bottom surfaces of the printed circuit 

15 board are placed thereon right in back of the IC 
components mounted on the opposite surface 
thereof, at a low cost without making a consider- 
able change in a conventional mounting process. 

20 SUMMARY OF THE INVENTION 

To achieve the foregoing object, in accordance 
with a first aspect of the present invention, there is 
provided a first example of a card type semicon- 

25 ductor device having a CPU, an input/output device 
and a memory, which are mounted on circuit 
boards. The circuit boards are a main circuit board 
and a sub-circuit-board electrically connected to 
the main circuit board. The memory is constituted 

30 by a memory element mounted on the sub-circuit- 
board. 

Thus, at least the memory capacity can be 
easily changed according to change in model of an 
equipment, into which the semiconductor device is 

35 incorporated, and according to change in operating 
conditions by maintaining the modules of the main 
circuit board but replacing only the sub-circuit- 
board with another package. Moreover, a large 
number of models, which are different in memory 

40 capacity from one another, can be easily manufac- 
tured in a short time at a low cost by using a same 
general-purpose main circuit board. Furthermore, if 
it becomes necessary due to the advance of the 
technology and the alteration of operating con- 

45 ditions to change the memory capacity, the mem- 
ory can be easily changed. Further, the semicon- 
ductor device can meet the demand for changing 
in the memory capacity, at a low cost, by still using 
the main circuit board. Especially, in the case 

so where the CPU and the memory are mounted on 
the sub-circuit-board, the main circuit board is used 
in common. Further, wiring design is more flexible. 
The manufacturing of the semiconductor device 
can be facilitated. Moreover, the cost can be de- 

55 creased. Additionally, the design of the CPU and 
the memory can be easily changed according to 
the required specific performance and the specific 
purpose by maintaining the basic performance of 
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the semiconductor device. Consequently, the 
adaptability to a special purpose of the semicon- 
ductor device can be realized at a low cost. 

In the case of a second example of the semi- 
conductor device according to the first aspect of 
the present invention, the CPU is mounted on the 
main circuit board. 

Thus, only the memory capacity of the semi- 
conductor device can be easily changed by main- 
taining the performance of the main circuit board 
but replacing the sub-circuit-board with another 
package. 

In contrast, in the case of a third example of 
the semiconductor device according to the first 
aspect of the present invention, the CPU is moun- 
ted on the sub-circuit-board. 

Thus, the performance and the memory capac- 
ity of the semiconductor device can be easily 
changed, if necessary, by forming the basic con- 
figuration of the main board in such a manner as to 
be able to be used in common for various pur- 
poses and by replacing the sub-circuit-board with 
another package. 

In the case of a fourth example of the semicon- 
ductor device according to the first aspect of the 
present invention, the main circuit board and the 
sub-circuit-board are connected with each other 
through a flexible printed circuit. 

Thus, both of the boards can be easily con- 
nected by a flexible printed circuit at a low cost. 

In contrast, in the case of a fifth example of the 
semiconductor device according to the first aspect 
of the present invention, the main circuit board and 
the sub-circuit-board are detachably connected 
with each other through a pair of connectors in 
such a manner that the main circuit board and the 
sub-circuit-board are faced to each other. 

Thus, a large number of connection terminals 
can be provided at a narrow pitch by using a 
connector. Further, the semiconductor device can 
relatively easily adapt to increase in number of the 
interconnecting lines, which is caused due to 
change in the memory and/or the CPU mounted on 
the sub-circuit-board. 

In the case of a sixth example of the semicon- 
ductor device according to the first aspect of the 
present invention, in addition to the characteristic 
features of the fourth example thereof, the sub- 
circuit-board is placed in such a manner as to face 
the main circuit board by bending the flexible print- 
ed circuit. Further, the flexible printed circuit is 
connected to a surface of the main circuit board, 
which is opposite to another surface thereof facing 
the sub-circuit-board. 

Thus, the flexible printed circuit can be bent at 
a larger curvature. 

Moreover, a seventh example of the semicon- 
ductor device according to the first aspect of the 


present invention is further provided with means for 
integrally fixing the main circuit board and the sub- 
circuit-board, which are faced to each other. 

Thus, both of the boards can be fixed in such a 

5 manner as to prevent the relative position of the 
boards from being moved due to, for example, 
vibration during using the device. Moreover, elec- 
trical connection therebetween can be secured by 
preventing unnecessary stress from being exerted 

w upon the flexible printed circuit and the connector. 

In the case of an eighth example of the semi- 
conductor device according to the first aspect of 
the present invention, in addition to the characteris- 
tic features of the first example thereof, the semi- 

75 conductor device is further provided with a card- 
shaped thin housing for enclosing the main circuit 
board and the sub-circuit-board therein. Further, at 
least a surface of the housing is made of a metal 
plate outwardly protruded by drawing. 

20 Thus, the rigidity sufficient to prevent an occur- 

rence of deformation in the direction of thickness of 
a card-shaped thin housing can be imparted there- 
to by protruding a metal plate outwardly. 

In addition, loads imposed upon the flexible 

25 printed circuit or the connector can be reduced by 
integrally fixing the main circuit board and the sub- 
circuit-board faced to each other. Thereby, the 
durability against an external force due to vibration 
and shock can be improved. Consequently, reduc- 

30 tion in size and thickness of the entire device can 
be achieved. Furthermore, to prepare for an unex- 
pected accident during using the device, sufficient 
rigidity can be obtained by forming a side surface 
portion of the card-shaped housing for enclosing 

35 the device by use of a metal plate processed by 
drawing. Further, the thickness of the device can 
be further reduced. 

In the case of a ninth example of the semicon- 
ductor device according to the first aspect of the 

40 present invention, the semiconductor device is fur- 
ther provided with a connector in which a large 
number of terminals to be connected to an external 
apparatus are arranged. Moreover, two of the termi- 
nals are a dot clock signal terminal to be con- 

45 nected to an external liquid crystal display (LCD) 
and a grounding terminal adjacent to the dot clock 
signal terminal. 

Thus, a dot clock signal to be outputted to an 
external LCD can be stabilized. Consequently, a 

50 display of an image in the LCD can be stabilized. 

In the case of a tenth example of the semicon- 
ductor device according to the first aspect of the 
present invention, the semiconductor device is fur- 
ther provided with a connector in which a plurality 

55 of rows of a large number of terminals to be 
connected to an external apparatus are arranged. 
Moreover, three of the terminals of one of the 
plurality rows are an R-signal terminal, a G-signal 
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terminal and a B-signal terminal which are con- 
nected to an externa! CRT. Furthermore, three of 
the terminals of another of the plurality rows, which 
is parallel to the one of the plurality rows, are an R- 
return-signal terminal, a G-return-signal terminal 
and a B-return-signal terminal which correspond to 
the R-signal terminal, the G-signal terminal and the 
B-terminal, respectively, and are placed at posi- 
tions facing the R-signal terminal, the G-signal ter- 
minal and the B-signal terminal, respectively. 

Thus, the influence of external noises or the 
like can be lowered by making the circumstances 
of the red, green and blue signals, which are ana- 
log signals to be outputted to an external CRT, 
become nearly the same as those of the cor- 
responding return signals. Consequently, a display 
of an image on the CRT can be stabilized. 

Additionally, the size of the entire device can 
be reduced. Further, the power consumption there- 
of can be saved. Thereby, the external electromag- 
netic influence can be lowered. Consequently, the 
quality of a display of an image in the LCD or on 
the CRT can be maintained at high level. Moreover, 
the stability and reliability of an operation of the 
device can be improved. 

In the case of an eleventh example of the 
semiconductor device according to the first aspect 
of the present invention, the semiconductor device 
is further provided with a connector in which a 
large number of terminals to be connected to an 
external apparatus are arranged. The connector 
has means for dividing a row of the terminals into 
horizontally asymmetric portions arranged along 
the row. 

Thus, the connector is adapted to be able to 
be connected to an equipment only in a direction. 
Consequently, there is no fear that the card type 
computer is fitted to the equipment in an erroneous 
direction. 

In the case of a twelfth example of the semi- 
conductor device according to the first aspect of 
the present invention, the semiconductor device is 
further provided with a second sub-circuit-board 
mounted on a surface of the main circuit board. An 
analog circuit part is mounted on the second sub- 
circuit-board. Moreover, a power supply terminal of 
the second sub-circuit-board is connected to a 
place of the main circuit board. 

Thus, the influence of variation in power supply 
potential of a digital circuit part can be reduced 
and a space in the board can be saved by forming 
an analog circuit portion of the semiconductor de- 
vice as a circuit board separated from the digital 
circuit part and by unifying the power supplies 
thereof. 

In accordance with a second aspect of the 
present invention, there is provided a semiconduc- 
tor device which comprises a plurality of electronic 


components mounted on circuit boards. The circuit 
boards are a main circuit board and a plurality of 
sub-circuit-boa r ds, on each of which the electronic 
components are mounted. Moreover, at least two of 

5 the plurality of sub-circuit-boards are mounted on 
both of opposite surfaces of the main circuit board 
in such a manner that a positions of one of the 
sub-circuit-boards, which is mounted on one of the 
opposite surfaces of the main circuit board, and a 

io position of another of the sub-circuit-boards, which 
is mounted on a surface of the main circuit board 
opposite to the one of the opposite surface thereof, 
are symmetric with respect to the main circuit 
board. 

75 Thus, semiconductor devices, which have 

same size and shape but are different in functions 
from one another, can be relatively easily obtained 
at a low cost in a short time by mounting different 
electronic components on a plurality of sub-circuit- 

20 boards, respectively, and then selecting one or 
more of such a sub-circuit-boards and mounting 
the selected sub-circuit-boards on the main circuit 
board. Moreover, even if warpage occurs in a sub- 
circuit-board due to a small thickness thereof, de- 

25 formation of the main circuit board can be effec- 
tively prevented by respectively connecting two 
sub-circuit-boards to positions, which are symmet- 
ric with respect to the main circuit board, on op- 
posite surfaces thereof. Additionally, reduction in 

30 size and thickness of the entire device can be 
achieved. 

In accordance with a third aspect of the 
present invention, there is provided a method for 
manufacturing a semiconductor device, in which a 

35 plurality of electronic components are mounted on 
circuit boards, which comprises the step of mount- 
ing the electronic components on a sub-circuit 
board and the step of placing the sub-circuit-board 
at a predetermined position on a main circuit 

40 board, and then detachably tentatively attaching 
the sub-circuit-board to the main circuit board and 
thereafter connecting the sub-circuit-board to the 
main circuit board. 

Thus, even if warpage takes place in a sub- 

45 circuit-board due to a small thickness thereof, the 
sub-circuit-board can be securely positioned and 
further connected to the main circuit board. More- 
over, the device yield can be increased. The semi- 
conductor device can be manufactured without 

50 considerably changing the conventional manufac- 
turing process and without increasing the trouble 
and the cost. 

In accordance with a fourth aspect of the 
present invention, there is provided a first example 

55 of a semiconductor device in which a first IC pack- 
age and a second IC package are mounted on a 
first surface and a second surface of a printed 
circuit board, respectively. The semiconductor de- 
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vice comprises a first connection portion for con- 
necting a lead of the first IC package with a first 
land formed on the first surface and a second 
connection portion for connecting a lead of the 
second IC package with a second land formed on 
the second surface. The first surface is opposite to 
the second surface. Moreover, the first IC package 
and the second IC package are placed in such a 
manner that the second connection portion pro- 
vided on the second surface is just in back of the 
first connection portion provided on the first sur- 
face. 

Thus, the horizontal sections of the connection 
portions of the IC packages mounted on the op- 
posite surfaces of the main circuit board can be 
overlapped in a plan view of the semiconductor 
device. Thereby, the wiring area can be reduced 
by the overlapped area. Moreover, the area of each 
of the opposite surfaces of the circuit board can be 
effectively utilized. Moreover, the wiring length be- 
tween the IC packages corresponding to the con- 
nection portions, the horizontal sections of which 
are overlapped, can be reduced. 

In the case of a second example of the semi- 
conductor device according to the fourth aspect of 
the present invention, the second connection por- 
tion provided correspondingly to a side of the sec- 
ond IC package is just in back of the first connec- 
tion portion provided correspondingly to a corre- 
sponding side of the first IC package. 

Thus, the wiring area of the circuit board can 
be reduced by the overlapped area between the 
horizontal sections of the connection portions. 

In the case of a third example of the semicon- 
ductor device according to the fourth aspect of the 
present invention, the second connection portion 
provided correspondingly to each of all of four 
sides of the second IC package is just in back of 
the first connection portion provided correspond- 
ingly to a corresponding one of all of four sides of 
the first IC package. 

Thus, the wiring area of the circuit board can 
be considerably reduced by placing the IC pack- 
ages in such a manner that the horizontal sections 
of the IC packages completely coincide with each 
other in a plan view of the semiconductor device. 

In the case of a fourth example of the semicon- 
ductor device according to the fourth aspect of the 
present invention, the first and second IC packages 
are equipped with IC chips which operate in con- 
junction with one another. 

Thus, for example, a power supply lead and a 
grounding lead of each IC package are placed in 
such a manner as to be close to the corresponding 
leads of other IC packages. Thereby, the wiring 
length between the IC packages can be shortened. 
Moreover, a through hole can be used in common 
among the IC packages. 


Further, in the case of a fifth example of the 
semiconductor device according to the fourth as- 
pect of the present invention, the first IC package 
is equipped with a CPU. Moreover, the second iC 
5 package is equipped with an I/O system which 
operates in response to the CPU. 

Thus, the number of signal lines and address 
lines, which can be used in common among the IC 
packages, is large. Further, the number of neces- 
w sary through holes can be considerably reduced by 
using the through holes in common among the IC 
packages. 

Additionally, the high density packaging can be 
realized. Further, an operation of the device can be 

15 performed at a high speed. Moreover, the stability 
and reliability of an operation thereof can be im- 
proved by eliminating the fear of a malfunction. 

In the case of a sixth example of the semicon- 
ductor device according to the fourth aspect of the 

20 present invention, the first IC package or the sec- 
ond IC package is a tape carrier package. 

Thus, especially, in the case of the TCP, a wire 
or lead can be inwardly drawn from the connection 
(or bonding) portion on the circuit board in the 

25 regions of the outer leads and the carrier tape 
between the IC components mounted on the TCP. 
Further, through holes can be bored in such a 
region. 

In accordance with a fifth aspect of the present 

30 invention, there is provided a first example of a 
semiconductor device which comprises a first IC 
package and a second IC package. The first IC 
package and the second IC package are mounted 
on both of opposite surfaces of a printed circuit 

35 board in such a manner that the second IC pack- 
age is just in back of the first IC package. The first 
IC package and the second IC package are con- 
nected to the opposite surfaces of the printed cir- 
cuit board, respectively, through a die bonding. 

40 Moreover, the first IC package and the second IC 
package are connected to each other through a 
thermal via hole bored through the printed circuit 
board in such a manner that heat is able to be 
transferred between the first IC package and the 

45 second IC package. 

Thus, a part of heat can be transferred from 
one of the first and second packages, which gen- 
erates more heat than the other, to the other there- 
of through a thermal via hole and the transferred 

50 heat can be then dissipated therefrom. Conse- 
quently, the heat dispersion area can be substan- 
tially increased without using expensive heat dis- 
sipating means and cooling devices. Moreover, a 
heat dissipating structure suitable for the miniatur- 

55 ization of the device can be obtained at a low cost. 

In the case of a second example of the semi- 
conductor device according to the fifth aspect of 
the present invention, leads of the first IC package 
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and the second IC package respectively mounted 
on the opposite sides of the printed circuit board 
are coated with a thermally conductive resin. 

Thus, heat generated by the IC package, which 
is transferred through the lead, can be dissipated 
from the thermally conductive resin which covers 
the lead of the connection (or bonding) portion. 

In accordance with a sixth aspect, there is 
provided a first example of a method for manufac- 
turing a semiconductor device in which a plurality 
of IC packages are mounted on both of opposite 
first and second surfaces of a printed circuit board, 
this method comprises the step of placing a first I C 
package on the first surface of the printed circuit 
board and connecting the first IC package on the 
first surface of the printed circuit board by bonding 
a lead of the first IC package to a land formed on 
the first surface, the step of turning the printed 
circuit board upside down and putting the printed 
circuit board on a pedestal in such a manner that a 
bonding portion between the lead of the first IC 
package and the land formed on the first surface is 
supported by the pedestal, the step of placing a 
second IC package on the second surface of the 
printed circuit board in such a manner that a bond- 
ing portion between a lead of the second IC pack- 
age and a land formed on the second surface is 
just in back of the bonding portion between the 
lead of the first IC package and the land formed on 
the first surface and the step of bonding the lead of 
the second IC package to the land formed on the 
second surface by pressing the lead of the second 
IC package and the land formed on the second 
surface by use of pressing means corresponding to 
the pedestal. 

Thus, similarly as in the case of the conven- 
tional device, the second IC package can be con- 
nected onto the second surface of the printed 
circuit board in such a manner that the horizontal 
section thereof is overlapped with the horizontal 
section of the first IC package earlier connected to 
the first surface by using the pedestal for support- 
ing the printed circuit board and the pressing 
means for pressing the connection portions. 

In addition, the semiconductor device suitable 
for realizing a high density packaging and a high 
speed operation and for improving the stability and 
reliability can be relatively easily obtained at a low 
cost. 

In the case of a second example of the method 
for manufacturing a semiconductor device accord- 
ing to the sixth aspect of the present invention, the 
lead of the second IC package and the land formed 
on the second surface are heated when pressed by 
the pressing means. Further, the lead of the sec- 
ond IC package and the land formed on the second 
surface are bonded by performing a soldering. 


In the case of a third example of the method 
for manufacturing a semiconductor device accord- 
ing to the sixth aspect of the present invention, the 
lead of the second IC package and the land formed 

5 on the second surface are heated when pressed by 
the pressing means. Moreover, the lead of the 
second IC package and the land formed on the 
second surface are bonded by performing a ther- 
m ©compression. 

w In the case of a fourth example of the method 

for manufacturing a semiconductor device accord- 
ing to the sixth aspect of the present invention, the 
lead of the second IC package and the land formed 
on the second surface are heated when pressed by 

75 the pressing means. Further, the lead of the sec- 
ond IC package and the land formed on the second 
surface are bonded by using anisotropic electrically 
conductive film. 

In the case of a fifth example of the method for 

20 manufacturing a semiconductor device according 
to the sixth aspect of the present invention, the 
lead of the second IC package and the land formed 
on the second surface are irradiated with light 
when pressed by the pressing means. Further, the 

25 lead of the second IC package and the land formed 
on the second surface are bonded by using a 
photo-curing resin. 

Thus, the second IC package can be relatively 
easily connected to the second surface of the 

30 printed circuit board in such a manner that the 
horizontal section thereof overlaps with the horizon- 
tal section of the first package connected to the 
first surface, by using the previously known means 
such as a soldering, a thermocompression, an- 

35 isotropic electrically conductive film and a photo- 
curing resin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Other features, objects and advantages of the 

present invention will become apparent from the 
following description of preferred embodiments 
with reference to the drawings in which like refer- 
ence characters designate like or corresponding 

45 parts throughout several views, and in which: 
FIG. 1 

is a schematic perspective view of a semicon- 
ductor device for use in a card type computer, 
which is a first embodiment of the present in- 
50 vention; 
FIG. 2 

is a sectional view of the semiconductor device 
taken on line ll-ll of FIG. 1 ; 
FIG. 3 

55 is a sectional view of a modification of the first 
embodiment of the present invention, similarly 
as in the case of FIG. 2; 
FIGS. 4A and 4B 
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are sectional diagrams for illustrating a mounting 
process of the first embodiment of the present 
invention; 
FIG. 5 

is a sectional view of a second example of a 
printed circuit board of the present invention; 
FIGS. 6A and 6B 

are sectional diagrams for illustrating a mounting 
process of the second example of the printed 
circuit board of the present invention; 
FIG. 7 

is a perspective view of a card type housing for 
enclosing the semiconductor device which is the 
first embodiment of the present invention; 
FIG. 8 

is a sectional view of a structure for connecting 
a main circuit board (hereunder sometimes re- 
ferred to simply as a main board) with a sub- 
circuit-board (hereunder sometimes referred to 
simply as a sub-board), taken on line Vlll-Vlll of 
FIG. 7; 
FIG. 9 

is a sectional view of another example of the 
structure for connecting the main board with the 
sub-board; 
FIG. 10 

is a sectional view of a further example of the 
structure for connecting the main board with the 
sub-board; 
FIG. 11 

is a sectional view of a still another example of 
the structure for connecting the main board with 
the sub-board; 
FIG. 12 

is a sectional diagram for illustrating the struc- 
ture of a card type housing; 
FIGS. 13Ato 13C 

are sectional diagrams for illustrating a process 
for manufacturing a second sub-board; 
FIGS. 14Ato 14E 

are diagrams for illustrating a process for con- 
necting the second and third boards to both of 
the top and bottom surfaces of the main board, 
respectively, step by step; 
FIGS. 15A and 15B 

are perspective diagrams schematically illustrat- 
ing the main board and the first sub-board of the 
semiconductor device which is the second em- 
bodiment of the present invention, respectively; 
FIG. 16 

is a partially enlarged diagram for illustrating a 
state in which a main board and a first sub- 
board of the second embodiment of the present 
invention; 
FIG. 17 

is a diagram for illustrating the terminal or pin 
assignment or configuration of a first portion of a 
connector, which is divided or partitioned by a 


rib thereof; 
FIG. 18 

is a diagram for illustrating the pin assignment 
or configuration of a half part of a second por- 
5 tion of the connector, which is divided by a rib 

thereof; 
FIG. 19 

is a diagram for illustrating the pin assignment 
or configuration of the remaining half part of the 
w second portion of the connector, which is di- 
vided by a rib thereof; 
FIG. 20 

is a diagram for illustrating the pin assignment 
or configuration of a third portion of the connec- 
ts tor, which is divided by a rib thereof; and 
FIG. 21 

is a sectional diagram for illustrating a double- 
sided board mounting in a conventional semi- 
conductor device. 

20 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, the preferred embodiments of the 

25 present invention will be described in detail by 
referring to the accompanying drawings. 

FIG. 1 schematically illustrates a semiconduc- 
tor device to which the present invention is applied, 
namely, a first embodiment of the present inven- 

30 tion. This semiconductor device 1 is used as a 
card-type small computer of nearly identical shape 
with what is called an IC card or a memory card or 
the like. Further, the semiconductor device 1 con- 
sists of two printed circuit boards each using a 

35 ceramic material or a glass epoxy material as a 
base material, namely, a main board 2, which has a 
multi layered structure for a double-sided board 
mounting, and a first sub-board 3 which is smaller 
than the main board 2. These boards are elec- 

40 trically connected to each other through a flexible 
printed circuit (FPC) 4 soldered to a longitudinal 
side of each of these boards. Further, a first TCP 5 
is connected to the surface, onto which the FPC is 
connected, of the main board 2. Moreover, a sec- 

45 ond TCP 6 is connected to a position on the 
opposite surface of the main board 2 in such a 
manner that the positions of the TCPs 5 and 6 are 
symmetric with respect to the main board 2 and 
further the connection or land part attached to each 

50 of the four sides of the TCP 6 is placed just under 
the connection part attached to a corresponding 
one of the four sides of the TCP 5, as viewed in 
this figure. 

Furthermore, thin printed circuit boards, on 
55 which electronic components are preliminarily 
mounted as will be described later, namely, a sec- 
ond sub-board 7 and a third sub-board (not shown) 
are respectively connected to both surfaces of the 
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main board 2 in such a manner that these boards 
are mounted beside the TCPs 5 and 6, respec- 
tively, and the positions of these boards are sym- 
metric with respect to the main board 2 and the 
second sub-board 7 is piaced just above the third 
sub-board. Preliminarily, a plurality of different 
packages, which are equipped with different elec- 
tronic components respectively corresponding to 
the different functions of the semiconductor device 
1, are prepared for the second and third sub- 
boards. Further, a large number of kinds of the 
semiconductor devices 1, which are different in 
function and use from one another, can be de- 
signed and made at a low cost in a short time by 
suitably selecting and combining such packaged 
sub-boards. Moreover, the specifications can be 
relatively easily changed by replacing the second 
or third sub-board with another package. Further- 
more, the main board 2 is equipped with electronic 
components (not shown), which are necessary for 
constituting primary modules of a computer system 
other than a main memory, in addition to the afore- 
mentioned electronic components. Additionally, a 
connector 8 for connecting the semiconductor de- 
vice to an external apparatus is provided along the 
long side thereof opposite to the side to which the 
FPC 4 of the main board 2. 

On the other hand, two random access memo- 
ries (RAMs) 9 are mounted on the first sub-board 3 
as memory elements constituting a main memory 
of the semiconductor device 1. Therefore, it is 
convenient to connect the FPC 4 to a part in the 
vicinity of the first TCP 5 of the main board 2. In 
the case of this embodiment, the memory capacity 
of each RAM 9 is 4 Mbits. Thus, the total memory 
capacity of the main memory is 8 Mbits. However, 
the memory capacity of the main memory can be 
appropriately altered by changing the capacity of 
the RAM or the number of the RAMs composing 
the main memory. The memory capacity of the 
main memory can be easily changed at a low cost 
in a short time by maintaining the modules of the 
main board 2 but replacing only the first sub-board 
3 with another package. 

As shown in this figure and FIG. 2, the first 
TCP 5 is a nearly square thin IC package having a 
surface coated with a protective resin 12, in which 
the CPU 10 the card-type computer is incorporated 
into the central opening of a tape carrier 1 1. On the 
other hand, the second TCP 6 is a thin IC package 
of nearly identical shape and size with the first 
TCP. Further, in the second TCP 6, an I/O sub- 
system chip 13 is incorporated into the central 
opening of a tape carrier 14. Moreover, the surface 
of the second TCP 6 is coated with a protective 
resin 15. As is well illustrated in FIG. 2, a large 
number of outer leads 1 6 are formed along the four 
sides of the first TCP 5 in such a manner as to 


extend outwardly therefrom. Further, the first TCP 
5 is electrically connected to a corresponding land 
17 formed on the top surface of the main board 2 
by soldering the outer leads 16 thereto as will be 

5 described later. Similarly, the second TCP 6 is 
electrically connected to a corresponding land 19 
formed on the bottom surface of the main board 2 
by soldering the outer leads 16 formed along the 
four sides thereof to the land 19. 

w Here, the land 19 provided on the bottom sur- 

face of the main board 2 is almost just in back of 
the land 17 provided on the top surface thereof. 
Further, the connection portion (namely, the bond- 
ing portion) between the outer lead 1 8 and the land 

75 19, which corresponds to each of the four sides of 
the TCP 6 mounted on the bottom surface of the 
board 2, is almost right in back of the connection 
portion between the outer lead 16 and the cor- 
responding land 17, which corresponds to a cor- 

20 responding one of the four sides of the TCP 5 
mounted on the top surface of the board 2. There- 
fore, the second TCP 6 is placed in such a manner 
that the horizontal section of the second TCP 6 
would be seen as almost completely coinciding 

25 with the horizontal section of the first TCP 5 in a 
plan view of the semiconductor device 1. Thus, a 
part, the top and bottom surfaces of which are 
surrounded by the peripheries of and the connec- 
tion portions corresponding to the chips 10 and 13, 

30 namely, a part, which is constituted only by the 
tape carrier, of the board 2 is obtained as a region 
A, on which interconnecting lines can be drawn, by 
mounting the TCPs 5 and 6 on the top and bottom 
surfaces of the main board 2, respectively, in such 

35 a manner that the chip 13 and the connection 
portions corresponding to the TCP 6 are placed 
just behind the chip 10 and the corresponding 
connection portions corresponding to the TCP 5, 
respectively. In the region A, the interconnecting 

40 lines can be drawn inwardly from the connection 
portions to the TCPs 6 and 5 and moreover, 
through holes can be bored. 

In the case of this embodiment the main board 
2 has a multilayered structure consisting of six 

45 layers. As illustrated in this figure, a power supply 
line 20 and a grounding line 21, which are common 
to the CPU 10 and the I/O sub-system chip 13, and 
various signal lines are provide in internal layers of 
the main board 2. Further, common through holes 

so 22 and 23 connected to the common power supply 
line 20 and grounding line 21 are bored through 
the region A of the main board 2. The power 
supply terminals of the CPU 10 and the I/O sub- 
system chip 13 are connected to the common 

55 power supply line 20 through the interconnecting 
lines 24 and 25 extending inwardly from the con- 
nection portions and through the common through 
hole 22. Moreover, similarly, the grounding termi- 
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nals of the CPU 10 and the I/O sub-system chip 13 
are connected to the common grounding line 21 
through the interconnecting lines 26 and 27 extend- 
ing inwardly from the connection portions and 
through the common through hole 23. Furthermore, 
other terminals of both of the TCPs are appro- 
priately connected to predetermined signal lines by 
way of through holes or via holes (not shown). 

In contrast with this, in the case where the two 
TCPs are mounted on the top and bottom surfaces 
of the board 2 in such a manner that the horizontal 
section of one of these TCPs would be seen as 
overlapping with or as being completely separated 
from the horizontal section of the other of these 
TCPs in a plan view of the semiconductor device 1 , 
no through holes can be bored in regions of the 
board 2, on which the lands corresponding to the 
TCPs are formed, and on which the chips are 
placed. Therefore, the area of the surface of a part, 
in which a through hole is not bored, of the entire 
circuit board is increased. Thus, the area of both of 
the top and bottom surfaces of the circuit board 
can not be effectively utilized. Consequently, the 
size of the entire circuit board becomes large. In 
accordance with the present invention, in the case 
of each of the TCPs, an interconnecting pattern can 
be drawn from each of the four sides to the inside 
of the connection portions and can be connected to 
an internal layer by providing a through hole in the 
board. Thereby, the density of electronic compo- 
nents mounted on the circuit board is increased. 
Moreover, the effective utilization of the area of the 
circuit board can be achieved. Furthermore, the 
degrees of freedom in interconnecting-pattem de- 
sign is increased. 

Further, similarly as in the cases of the CPU 
and the I/O system chip, two IC chips, which op- 
erate largely depending upon each other, can be 
made to be substantially equal to each other in 
power supply potential and grounding potential by 
placing the two IC chips on the front and back 
surfaces of a same circuit board in such a fashion 
that one of the two IC chips is located just in back 
of the other thereof, and by using the power supply 
line and the grounding line in common to the two 
IC chips. Thus the stability of an operation of the 
semiconductor device can be improved. Moreover, 
for instance, the through hole 22 for power supply 
can be provided in the neighborhood of the con- 
nection portion between the power supply lead and 
the land. Furthermore, each of other through holes 
can be provided in the vicinity of the connection 
portion between the corresponding lead and land. 
Consequently, the wiring length of the interconnec- 
ting line drawn between the IC chips can be re- 
duced. Additionally, an operating speed can be 
further increased by decreasing inductance and 
impedance. Further, capacitance between adjacent 


interconnecting lines decreases. Thus the influence 
of noises becomes small. Consequently, the fear of 
a malfunction is obviated. 

Especially, in the case of the card type com- 

5 puter of this embodiment, a microprocessor 
"80386SL" manufactured by Intel Corporation of 
the United States of America is employed as the 
CPU 10. Further, another microprocessor 
"82360SL" manufactured by Intel Corporation is 

10 employed as the I/O sub-system chip 13. Usually, 
a small mark representing the position of a first pin 
is put at the nearer left (namely, lower left) corner 
of the top (namely, front) surface, on which char- 
acters representing the name of a manufacturer 

is and a model designation are positionally correctly 
printed, of an IC chip, when viewed from the front 
of the chip. In the case of this embodiment, both of 
the chips "80386SL" and "82360SL" are placed in 
such a manner that the first pins indicated by 

20 reference numeral 28 in FIG. 1 are located at the 
nearer left corner when viewed from a position 
above the connector 8. In the case where both of 
the chips are mounted on the board in such a 
manner as to be symmetric with respect to the 

25 board similarly as in the case of this embodiment, 
leads respectively connected with the symmetrical 
positions of the chips are sometimes drawn there- 
from. Especially, in the case where multi-bit (for 
instance, 16-bit or 32-bit) buses are respectively 

30 drawn therefrom, a lead from one of the chips and 
a corresponding lead from the other of the chips 
are often drawn to a common position on a plan 
view of the device. In the case of this embodiment, 
with the aforementioned placement of the chips, 

35 most of pins connected with one of the chips can 
be made to respectively face to corresponding pins 
connected with the other of the chips across the 
board 2. Thus, the number of a minimum set of 
through holes can be considerably reduced. There- 
to by, the area of the surface of a part, which is 
required for boring the through holes, of the circuit 
board can be decreased by about 20 %. Simulta- 
neously, the stability and reliability of an operation 
of the device can be improved by reducing the 

45 wiring length between the upper and lower chips. 

Referring to FIG. 3, there is shown a section of 
an example of a modification of the first embodi- 
ment of the present invention. In the case of this 
example of the modification, die pads 29 and 30, 

so whose dimensions respectively correspond with 
those of the CPU 10 and the I/O sub-system chip 
13 to be mounted thereon, are placed at predeter- 
mined locations on the top and bottom surfaces of 
the main board 2, respectively. Both of the chips 

55 are connected to the die pads 29 and 30 by 
applying thermally conductive resins 31 and 32 
such as silver paste onto the entire bottom sur- 
faces of the chips. A plurality of thermal via holes 

12 


21 


EP 0 683 450 A2 


22 


33 are bored through the main board 2. Thereby, 
the die pads 29 and 30 are connected with each 
other in such a manner as to transfer heat there- 
between. When operating the card-type computer, 
the CPU 10 generates relatively high heat. In con- 
trast, heat generated by the I/O sub-system chip 13 
is relatively low. Therefore, a part of heat generated 
by the CPU 10 is transferred to the die pad 30 on 
the opposite surface of the board 2 through the 
thermally conductive resin layer 31 , the die pad 29 
and the thermal via hole 33. Thereafter, the trans- 
ferred heat is dissipated from the I/O sub-system 
chip 13. Further, a part of heat to be transferred 
through the thermal via hole 33 is dissipated 
through the internal circuit of the main board 2. 

Furthermore, in the case of the embodiment of 
FIG. 3, insulating resins 34 and 35 for protection 
are applied to each of the connection portions 
between each of the outer leads 16 and the cor- 
responding land 17 of the first TCP 5 and the 
connection portion between each of the outer leads 
18 and the corresponding land 19 of the second 
TCP 6. The insulating resins have thermal con- 
ductivity. Therefore, heat generated by the CPU 10 
is dissipated from the insulating resin 34 through 
the outer lead 16 of the first TCP and also dis- 
sipated from the insulating resin 35 through the 
outer lead 18 of the second TCP. Thus, highly 
exothermic devices can be mounted on the board 
at a high density without using expensive heat 
dissipating means and a cooling device by increas- 
ing the heat dissipating area. Simultaneously, the 
manufacturing cost can be reduced. Hereunder, a 
process for mounting the two TCPs 5 and 6 on 
both of the top and bottom surfaces of the main 
board 2 similarly as in the case of the first embodi- 
ment will be described by referring to FIGS. 4A 
and 4B. First, the first TCP 5 is connected to the 
top surface of the main board 2 by performing a 
method as illustrated in RG. 4A, which is similar to 
a conventional method. The outer lead 16 of each 
of the four sides of the first TCP 5 is adjusted to a 
corresponding land 17 and is placed at a predeter- 
mined position on the main board 2. This board is 
put on a first pedestal 36, which has a flat top 
surface similarly as in the case of the conventional 
device, in such a way as to contain the area of the 
lands 17. Incidentally, a solder layer is preliminarily 
adhered onto the surface of each of the lands 1 7. 

Next, a bonding tool 37 is lowered from a 
position thereof above the first TCP 5. A pressing 
portion 39 having a horizontal substantially rectan- 
gular shaped section like a character "cr which 
corresponds to the connection portions between 
the outer leads 16 and the lands 17, is formed by 
providing a rectangular recess portion 38 in the 
central part of the bottom portion of the bonding 
tool 37. The pressing portion 39 pushes the tips of 


the outer leads 16 respectively corresponding to 
the four sides of the TCP against the top surfaces 
of the lands 17 at a time. Simultaneously, the 
connection portions between the outer leads 16 

5 and the lands 17 are heated. The first TCP 5 fairly 
protrudes from the top surface of the main board 2 
. However, almost all portions of the outer leads 16 
are enclosed in the recess portion 38 excepting the 
tips thereof to be connected to the lands. There- 

w fore, the protruded TCP 5 does not interfere with 
this pressing step at all. After the connection por- 
tions cool off, the bonding tool 37 is lifted and is 
thus separated from the outer leads 16. Thereby, 
each of the outer leads 1 6 is completely connected 

75 to the corresponding land 17 by a soldering. 

Subsequently, as illustrated in FIG. 4B, the 
main board 2 is turned upside down. Then, the 
second TCP 6 is mounted on the main board 2. 
Similarly, each of the outer leads 18 respectively 

20 corresponding to the four sides of the second TCP 
6 is positioned by being adjusted to the corre- 
sponding land 19. This board is put on a second 
pedestal 40. The second pedestal 40 has a periph- 
ery supporting portion 41, the horizontal section of 

25 which is substantially rectangular shaped like a 
character n o" corresponding to the bottom surface 
of the aforementioned bonding tool 37. Thereby, 
the second pedestal 40 supports the main board 2 
at the connection portions between the outer leads 

30 16 and the lands 17. Parts of the first TCP 5 other 
than such connection portions are enclosed in a 
rectangular recess portion 42 formed in the central 
part of the top portion of the second pedestal 40. A 
solder layer is preliminarily adhered onto the sur- 

35 face of each of the lands 19. 

Next, a bonding tool 43 is lowered from a 
position thereof above the second TCP 6. The 
bonding tool 43 has a similar shape to that of the 
bonding tool 37. Namely, the bonding tool 43 has a 

40 pressing portion 44, the horizontal section of which 
is substantially rectangular shaped like a character 
"n", and a central recess portion 45 in the bottom 
portion thereof. If the positions, shapes and sizes of 
the connection portions corresponding to the sec- 

45 ond TCP 6 are the same as those of the connec- 
tion portions corresponding to the first TCP 5, the 
bonding tool 37 may be used as the bonding tool 
43. The tips of all of the outer leads 18 respectively 
corresponding to the four sides of the second TCP 

so 6 are connected at a time to the top surfaces of the 
lands 19 by pushing the tips of the outer leads 18 
against the top surfaces of the corresponding lands 
17 and simultaneously heating the connection por- 
tions between the outer leads 18 and the lands 19. 

55 Thus the main board 2 is supported and pressed 
between a periphery supporting portion 41 and a 
corresponding pressing portion 44, each of which 
has a horizontal section substantially rectangular 
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shaped like a character "a", by using the second 
pedestal 40 and the bonding tool 43. Thereby, the 
two TCPs can be mounted at positions, which 
almost coincide with each other in a plan view of 
the device, on both of the top and bottom surfaces 
of the board, respectively, without being hindered 
by the TCP earlier connected to the board. 

In the case of the aforementioned embodiment, 
two TCPS having a nearly the same size are used. 
However, in the case where two TCPs, which are 
different in size from each other, are mounted on 
the board in such a manner that the horizontal 
sections of the TCPs would be overlapped with 
each other in a plan view of the semiconductor 
device, it is natural that the smaller TCP is con- 
nected to one of the top and bottom surface of the 
board earlier than the larger TCP. Subsequently, 
the larger TCP is connected to the opposite sur- 
face of the board by using a larger pedestal which 
can cover the connection portions corresponding to 
the larger TCP. 

FIG. 5 schematically illustrates a second exam- 
ple of the printed circuit board to which the present 
invention is applied. In the case of the second 
embodiment, the first TCP 5 and the second TCP 6 
are mounted on both of the top and bottom sur- 
faces of the main board 2, respectively, in such a 
manner that only the horizontal section of the outer 
lead 16 corresponding to a side of the first TCP 5 
would overlap with the horizontal section of the 
outer lead 18 corresponding to a corresponding 
side of the second TCP 6 in the horizontal section 
of the connection portion therebetween in a plan 
view of the board 2. Even in the case where in the 
layout of the circuit board, for some reason, both of 
the TCPs can not be placed in such a manner that 
the horizontal sections thereof would be seen as 
almost completely coinciding with each other in a 
plan view of the semiconductor device 1 , the areas 
of both of the top and bottom surfaces of the circuit 
board can be effectively used and the high density 
package can be achieved by overlapping the hori- 
zontal sections of a part of the connection portions 
corresponding to one of the TCPs with the horizon- 
tal sections of a part of the connection portions 
corresponding to the other of the TCPs in a plan 
view of the semiconductor device. Especially, a 
common through hole can be bored in the main 
board 2 close to both of the outer lead 16, which 
corresponds to the one of the sides of the first TCP 
5, and the outer lead 18. which corresponds to the 
corresponding side of the second TCP 6, the hori- 
zontal sections of which would overlap with each 
other in that of the corresponding connection por- 
tion in a plan view of the semiconductor device 1. 
Thus, the wiring length between elements or de- 
vices respectively provided in the first and second 
TCPs 5 and 6 can be decreased. Consequently, 


the operating speed can be increased. Simulta- 
neously, in this case, needles to say, the influence 
of noises due to the wiring or interconnecting pat- 
tern can be decreased. Moreover, the stability and 

5 reliability of an operation can be improved. 

In the case of the printed circuit board of the 
second example, the two TCPs 5 and 6 can be 
mounted on both of the top and bottom surfaces of 
the main board 2 by following a process illustrated 

io in FIGS. 6A and 6B. First, as illustrated in FIG. 6A, 
the first TCP 5 is placed on the surface of the main 
board 2 by adjusting the outer lead 16 of each of 
the four sides of the first TCP 5 to the correspond- 
ing land 17. This main board 2 is put on a first 

15 pedestal 46, which has a top surface formed as 
being flat excepting a stair portion 47 correspond- 
ing to the land 19 placed just in back of the 
corresponding land 17, in such a way as to be able 
to effectively support the main board 2, which 

20 contains the area of the lands 17, from the back 
surface thereof. Next, a bonding tool 48 is lowered 
from a position thereof above the first TCP 5. A 
pressing portion 49 having a horizontal section 
substantially rectangular shaped like a character 

25 which corresponds to each of the outer leads 

16, is formed in the bottom portion of the bonding 
tool 37. The tips of the outer leads 16 respectively 
corresponding to the four sides of the TCP are 
pushed by this pressing portion 49 against the 

30 corresponding lands 17 at a time and are simulta- 
neously heated. Further, a solder layer is prelimi- 
narily formed on each of the surfaces of the lands 

17. The first TCP 5 is soldered to the surface of 
the main board 2. Moreover, after the connection 

35 portions cooling off, the bonding tool 48 is lifted 
and is thus separated from the outer leads 16. 

Subsequently, as illustrated in FIG. 6B, the 
second TCP 6 is mounted on the main board 2 
turned upside down by positioning and adjusting 

40 each of the outer leads 18 respectively correspond- 
ing to the four sides of the second TCP to the 
corresponding land 19. This main board 2 is put on 
a second pedestal 50. The second pedestal 50 has 
a top surface formed in such a manner as to be 

45 flat, excepting a stair portion 51 corresponding to 
the connection portion of the first TCP 5, which is 
just in back of the land 19 formed on the back or 
bottom surface of the main board 2, to thereby 
securely support the main board 2 and the connec- 

50 tion portion. Next, as illustrated in this figure, a 
bonding tool 52 is lowered from a position thereof 
above the second TCP 6. The tips of the outer 
leads 18 are pushed by a pressing portion 53 
formed in the bottom portion of the tool 52, the 

55 horizontal section of which is substantially rectan- 
gular shaped like a character "d", against the lands 
19 at a time and are simultaneously heated. Simi- 
larly, solder layers are preliminarily formed on the 
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surfaces of the lands 19. Thus, the second TCP 6 
is soldered onto the back surface of the main 
board 2. In this way, similarly as in the case of the 
first example, the two TCPs 5 and 6 can be moun- 
ted on the top and bottom surfaces of the board in 
such a manner as to overlap with each other. 

FIG. 7 shows a card-type computer in which 
the semiconductor device 1 is enclosed in a card- 
shaped housing 54 similar to what is called an IC 
card. The housing 54 consists of a frame body 55, 
which is made of zinc or aluminum die-cast and is 
shaped nearly like a character "o", a metallic top- 
surface panel 56 and a flat bottom-surface panel 
57, as illustrated in FIGS. 7 and 8. Generally, such 
a card-shaped housing is a monolithic resin case. 
However, in the case of the device of the present 
invention, both of panels 56 and 57 are connected 
to the frame body 55 by using screws or adhe- 
sives. This is because a caulking can not be per- 
formed in the device of the present invention due 
to the facts that there is the fear that the caulking 
has an ill effect upon the inner circuit board and 
that moreover, in the case of this example, the 
frame body 55 is made of a metal practically. In 
this way, the structure, in which the nearly entire 
housing 54 is made of an electrically conductive 
material and the frame body 55, the top-surface 
panel 56 and the bottom-surface panel 57 are 
brought into conduction, exerts an electrostatic 
shielding effect on the main board 2 and the first 
sub-board 3. Thus the influence of radiation noises 
of the board and external noises can be cut off. 
Moreover, noise interference can be effectively pre- 
cluded. Further, a protruding portion 58 protruding 
from the periphery thereof by a constant height is 
formed on the top-surface panel 56. 

As is well illustrated in FIG. 8, the semiconduc- 
tor device 1 is enclosed in the housing 54 in such 
a manner that the first sub-board 3 is faced to the 
main board 2 by bending the FPC 4. The main 
board 2 is fixed to the frame body 55 with, for 
example, screws or the like. The main board 2 and 
the first sub-board 3 are spaced apart at a constant 
interval by a spacer member 59 inserted there- 
between and are connected as a unit in such a 
fashion as to face to each other. Further, a block 
made of an insulating material having some flexibil- 
ity, for instance, a polycarbonate resin is used as 
the spacer member 59 which can be fixedly glued 
to the surfaces of both of the boards facing to each 
other, preferably to portions in the vicinity of the 
center of each of these faces, with an adhesive or 
the like. Thus the thickness of the entire semicon- 
ductor device 1 can be further reduced by perform- 
ing such a fixing method. Moreover, excessive 
stress does not act upon each of the circuit boards 
2 and 3 owing to the flexibility of the spacer 
member 59. Thus the boards are insensitive to 


vibration and shock. Further, the nearly entire first 
sub-board 3 is enclosed in the protruding portion 
58 of the top-surface panel 56. 

In the case of this example, the surface of the 
5 main board 2, on which the first TCP 5, namely, 
the CPU 10 is mounted, faces the first sub-board 3. 
Moreover, the surface of the first sub-board 3, on 
which the RAM 9 is mounted, is faced to the main 
board 2. Furthermore, as the result of connecting 
io the FPC 4 to the surface, on which the CPU 10 is 
mounted, of the main board 2, as described above, 
there is little necessity of boring through holes in 
the main board 2. Further, the CPU 5 can be 
connected with the sub-board 3. Consequently, the 
75 area of the main board can be further reduced. 
Thereby, the miniaturization of the board can be 
achieved. Moreover, the degrees of freedom in 
circuit design and wiring can be increased. Another 
example of FIG. 9 is different from the example of 
20 FIG. 8 in that the FPC 4 is connected to a surface 
of the main board 2 opposite to the surface thereof 
facing the first sub-board 3. Thus, a notch portion 
60, through which the FPC 4 is drawn, is formed in 
a side edge portion of the main board 2. Further- 
25 more, because the CPU 10 is mounted on the 
surface of the main board 2 opposite to the surface 
thereof to which the FPC 4 is connected, a through 
hole 61 for connecting the CPU 1 0 with the FPC 4 
is bored in the main board 2. However, with such a 
30 configuration, the FPC 4 can be bent at a curvature 
larger than that in the case of the example of FIG. 
3. Consequently, a load imposed on the connection 
portion between the FPC 4 and the main board 2 
can be further reduced. Moreover, an occurrence 
35 of a disconnection or a breakage in the connection 
portion can be prevented. 

Further, in the case of still another example, 
the first TCP 5 and the second TCP 6 can be 
replaced with each other in the configuration of 
40 FIG. 8. In this case, the CPU is mounted on the 
surface of the main board 2 opposite to the surface 
thereof, to which the FPC 4 is connected. Thus it is 
necessary to bore a through hole in the main board 
2 similarly as in the case of the example of FIGS. 
45 4A and 4B. However, the CPU 10, which can 
generate heat more than the I/O sub-system chip 
1 3 does, is placed at the side of and in the vicinity 
of the bottom-surface panel 57. Therefore, a rise in 
internal temperature can be restrained by the heat 
so dissipating action of the bottom -surface panel. 

In the case of yet another example, the first 
TCP 5 and the second TCP 6 can be replaced with 
each other in the configuration of FIG. 9. In this 
case, the CPU is mounted on a same surface of 
55 the main board 2, to which the FPC 4 is connected. 
Thus there is no necessity of boring a through hole 
in the board 2. The curvature of the FPC 4 be- 
comes large, so that a load imposed on the con- 
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nection portion between the FPC 4 and the main 
board 2 can be small. Moreover, the CPU 5 is 
placed on the surface of the board 2 facing the 
bottom-surface panel 57. Thereby, this example 
has an advantage in that a higher heat dissipating 
effect can be obtained. 

FIGS. 10 and 11 illustrate examples of the 
modifications of the configurations of FIGS. 8 and 
9, respectively. Namely, in the cases of the exam- 
ples of FIGS. 10 and 11, the surface of the first 
sub-board 3 opposite to the surface thereof, on 
which the RAM 9 is mounted, is faced to the main 
board 2. Therefore, the thickness of the entire 
device becomes a little larger in comparison with 
those in the cases of the examples of FIGS. 3, 4A 
and 4B. However, the RAM 9 is placed on the 
surface of the board 2 facing the top-surface panel 
56 and in the vicinity thereof. Thus a rise in internal 
temperature due to the RAM 9 can be restrained 
by the heat dissipating action of the top-surface 
panel. Further, the connecting position of the FPC 
4, the placement of the CPU 10 and effects ob- 
tained due to the positional relation therebetween 
are the same as in the cases of FIGS. 8 and 9. 
Thus the description thereof is omitted here. 

The top-surface panel 56 of the casing 54 is 
constituted by a metal plate, in which an outwardly 
protruding portion 58 is formed by drawing. Fur- 
ther, from viewpoints of limiting the thickness of the 
entire casing 54 to a predetermined value and of 
preventing an occurrence of deformation due to 
external force in use as illustrated in FIG. 12, it is 
convenient that a firm material such as a stainless 
steel, which has a Vickers hardness ranging from 
150 to 250 and a thickness of 0.2 mm, is used as 
this metal plate. Especially, in the case where such 
a card-like housing 54 is handled by hand, the 
external force acts upon the nearly central portion 
of the top-surface panel. However, even when the 
top-surface panel 56 is dented somewhat, such 
deformation has little effect upon the board be- 
cause of the fact that the aforementioned spacer 
member 59 is placed in the nearly central portion 
of the board. 

It is preferable to set the climbing or rising 
angle of the protruding portion 58 as 45 to 90 
degrees, because the portion 58 can achieve so 
high rigidity to withstand pressure exerted by a 
finger thereon and can have a space sufficient to 
enclose the first sub-board 3 even if the size of the 
sub-board 3 becomes large due to increased in 
memory capacity. As illustrated in these figures, 
the top-surface panel 56 is formed as being flat 
excepting the rising part of the protruding portion 
58. Thus, during assembling, the positioning of the 
protruding portion 58 onto the frame body 55 can 
be easily achieved. Consequently, the productivity 
can be improved and an assemblage can be facili- 


tated. Further, in the case of this example, the 
strength of the connector 8 at the time of attaching 
or detaching the card-type computer can be in- 
creased by spacing the protruding portion 58 and 

5 the connector 8 out by a certain distance. More- 
over, a known resist material 62 is applied onto the 
nearly entire inner surface of the protruding portion 
58 of the top-surface panel 56, which includes the 
rising portion thereof, for the purpose of preventing 

10 the inner surface of the protruding portion 58 from 
making direct contact with the first-sub board 3. 
Here, note that the resist material is not applied 
onto the inner surface of portions of the top-surface 
panel 56 other than the protruding portion 58. 

75 Thus, there is no fear that deformation and peeling 
occur owing to high temperature. Further, the resist 
material 62 may be applied only to the flat part of 
the inner surface of the protruding portion 58 other 
than the rising part thereof. 

20 FIGS. 13A to 13C illustrate sections of the 

structure of the second-board 7 and a process for 
manufacturing the second-board 7. In the case of 
this example, the second-board 7 is constituted by 
a four-layer wiring board 63 which has a thickness 

25 of 1 mm or so. The thickness of the central region 

64 of this board for mounting electronic compo- 
nents thereon is preliminarily reduced almost by 
half so as to realize a thin board. A thinner wiring 
board having a thickness of 0.3 mm or so may be 

30 used as the board 63. A large number of terminals 

65 to be connected to the pads of the main board 
2 by a soldering are provided on the peripheral 
edge of the wiring board 63. 

First, as illustrated in FIG. 13A, a plurality of 

35 electronic components 66 such as a logic IC and a 
microcomputer are placed at predetermined posi- 
tions in the central region 64 and are connected 
thereto by performing a known method such as a 
wire bonding or a soldering. Next, as illustrated in 

40 FIG. 13B, a thermosetting protective resin 67 is 
applied thereto in such a manner as to cover the 
electronic components 66 and the entire central 
region 64. Then, the protective resin 67 is set by 
the application of heat thereon. Thereafter, when 

45 cooling the protective resin 67, upward warpage 
occurs in the peripheral region of the board 63, as 
illustrated in FIG. 13C, owing to the difference in 
coefficient of thermal expansion between the cen- 
tral region 64 and the peripheral region of the 

50 board 63, which is caused by lack of rigidity of the 
thin central portion 64. 

Even if the second sub-board 7 having the 
peripheral portion upwardly warped is once placed 
precisely at a predetermined position on the main 

55 board 2, slight movement of the main board 2 
easily causes the sub-board 7 to move from the 
predetermined position. Thus it is very difficult to 
accurately and securely connect the second sub- 
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board 7 with the main board 2. Moreover, in the 
case where the sub-board 7 is connected to the 
main board 2 at the predetermined position but the 
main board 2 is similarly thin and does not have 
sufficient rigidity, the main board 2 may deform in 
conformity with the warpage occurring in the sec- 
ond sub-board 7. FIGS. 14A to 14E illustrate a 
method, by which the warped sub-board is moun- 
ted at predetermined position on the main board 
without producing deformation in the main board, 
step by step. 

A large number of corresponding pads 68 to 
be connected with terminals 65 of the second sub- 
board 7 are preliminarily formed on the surface of 
the main board 2. As illustrated in FIG. 14A, the 
bottom surface of the second sub-board 7 is tenta- 
tively glued onto the main board 2 with an adhe- 
sive 69 while the positioning thereof is performed. 
Although it is preferable that the adhesive 69 is 
applied to at least two places or more than two 
places on the bottom surface of the sub-board 7, 
the adhesive 69 may be applied only to a single 
place thereon unless the sub-board 7 is shifted 
from the predetermined position. Therefore, if it is 
found after the tentative gluing that the second 
sub-board 7 is not precisely placed at the predeter- 
mined position, the sub-board 7 can be easily 
removed therefrom and then the positioning of the 
sub-board 7 can be carried out again. Moreover, if 
the sub-board 7 is once placed at the predeter- 
mined position precisely, the sub-board 7 can not 
be easily moved by shifting the main board 2. 
Next, each of the terminals 65 of the second sub- 
board 7 is connected to the corresponding one of 
the pads 68 of the main board 2 by performing a 
well known reflow soldering method, by which each 
of the terminals is heated at about 230 degrees 
centigrade in the period of about 10 seconds by 
utilizing infrared radiation or hot air. As illustrated in 
FIG. 14B, the warpage occurred in the second sub- 
board 7 disappears due to the thermal expansion 
of the protective resin 67 during heating. Thus the 
sub-board 2 is put back into a flat state. However, 
when the board is cooled down to an ordinary 
temperature, warpage is caused also in the main 
board 2 by the warping force of the second sub- 
board 2, as illustrated in FIG. 14C. 

Subsequently, the main board 2 is turned up- 
side down as illustrated in FIG. 14D. Then, a third 
sub-board 70 is put on the back surface of the 
main board 2. Further, the third sub-board 70 is 
equipped with analog circuit parts such as a floppy 
disk drive, an A/D converter and a PLL. The third 
sub-board 7 has nearly the same size and shape 
as the second sub-board 2 does. Moreover, upward 
warpage is caused owing to the difference in coeffi- 
cient of thermal expansion between the thermoset- 
ting protective resin of the central portion and the 


peripheral portion. Conversely, as the result of be- 
ing turned upside down, the main board 2 warps 
downwardly. A large number of pads 71 are pre- 
liminarily formed on the back surface of the main 

5 board 2 so as to mount the third sub-board 7 and 
the second sub-board 70 on both side surfaces of 
the main board in such a manner that the mounting 
positions of the sub-boards 7 and 70 are symmetri- 
cal with respect to the main board. The third sub- 

io board 70 positioned at the predetermined position 
is tentatively glued to a place on the back surface 
of the main board 2 with an adhesive 72 at a 
location of the bottom surface thereof unless the 
sub-board 70 is displaced from the predetermined 

75 position. If it turns out in this state that the third 
sub-board 70 is not precisely positioned at the 
predetermined position, the sub-board 70 is re- 
moved from the back surface of the main bard 2 
and the positioning thereof can be performed 

20 again. Further, the sub-board 70 is heated by a 
well known means. Then, the terminal 73 provided 
on the peripheral edge portion of the third sub- 
board is connected to the corresponding pad 71 by 
performing a reflow soldering, as illustrated in FIG. 

25 14E. As described above, during heating, the war- 
page disappears in the second sub-board 7 and 
the third sub-board 70 and thus these sub-boards 
become flat. Therefore, as long as the positioning 
of the third sub-board 70 is precisely performed, 

30 the soldering can be easily achieved. The warping 
forces of the sub-boards 7 and 70 is balanced by 
connecting the sub-boards 7 and 70 with each 
other in such a manner that the positions of the 
sub-boards 7 and 70 are symmetric with respect to 

35 the main board 2. Further, the warping forces of 
the sub-boards 7 and 70 act in opposite directions, 
so that the main board 2 is held in a straight and 
flat state as illustrated in FIG. 14E even after cool- 
ed down to an ordinary temperature. Furthermore, 

40 even in the case where both of the sub-boards are 
different in size from each other, an occurrence of 
warpage in the main board 2 can be restrained by 
mounting both of the sub-boards in such a manner 
that the positions of these sub-boards are nearly 

45 symmetric with respect to the main board 2. 

Among the large number of the terminals 73, 
only one of the terminals is provided as a unified 
power supply terminal of the third sub-board 70, 
which is connected to a power supply line of the 

50 main board 2. When a circuit board is miniaturized 
similarly as in the case of the printed circuit board 
of the present invention, an operation of a digital 
circuit part is stabilized, whereas an analog circuit 
part becomes susceptible to the influence of 

55 noises. Especially, a memory board such as the 
first sub-board 3 of this embodiment is likely to 
generate a noise and to cause variation in power 
supply voltage. Such a memory board has a great 
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influence on the analog circuit part. In accordance 
with the present invention, the analog circuit part is 
formed on a circuit board other than the main 
board 2 and a unified power supply is provided . 
Thereby, the influence of variation in power supply 
potential of the digital circuit part can be reduced. 
Consequently, an operation of the device of the 
present invention can be stabilized. Further, a 
space for the third sub-board 70 and the main 
board 2 can be saved by unifying power supplies. 
Moreover, the size of the entire semiconductor 
device can be reduced. Furthermore, the cost 
thereof can be decreased. Additionally, noises can 
be cut off more securely by adding a filter to a 
power supply circuit of the third sub-board 70, if 
necessary. 

FIGS. 15A and 15B illustrate another semicon- 
ductor device embodying the present invention, 
namely, a second embodiment of the present in- 
vention. This semiconductor device consists of a 
main board 2 1 of FIG. 15A and a first sub-board 3* 
of FIG. 15B, which are electrically and mechani- 
cally detachably connected to each other by 
means of a pair of connectors instead of the FPC 4 
of the first embodiment of FIG. 1 . The main board 
2' has a same configuration as the main board 2 of 
the first embodiment except that the main board 2' 
is not equipped with means equivalent to the first 
TCP 5 of the first embodiment, namely, a CPU and 
that an elongated female connector 74 is mounted 
on the top surface of the main board 2\ In the case 
of the second embodiment, a CPU 75 constituted 
by a bare chip is directly connected to the first 
sub-board 3* by performing what is called a Chip 
on Board (COB) method and further is coated with 
a protective resin 76. 

Further, in the first sub-board 3\ four RAMs 9' 
composing a main memory of the semiconductor 
device are mounted on a same surface, on which 
the CPU 75 is mounted, as illustrated in FIG. 15B. 
Moreover, an elongated male connector 77 cor- 
responding to the female connector 74 of the main 
board 2' is mounted on the first sub-board 3'. 
Furthermore, the CPU 75 and the RAM 9* are 
interconnected through a data bus provided on the 
first sub-board 3'. As a result, the wiring length 
between the CPU 75 and the RAM 9' can be 
reduced in comparison with the corresponding wire 
length in the case of the first embodiment. Espe- 
cially, in the case of this embodiment, a micropro- 
cessor "80486" (Clock Frequency: 33 MHz) manu- 
factured by the Intel Corporation of the U. S. A. is 
employed as a CPU. Thus, it is convenient that a 
processing can be performed at a higher speed by 
sufficiently offering the performance of the micro- 
processor. 

The female connector 74 is placed on the top 
surface of the main board 2' along the short side 


thereof opposite to the other short side along which 
the second sub-board 7 is mounted thereon. More- 
over, an elongated slot-like connection portion 78 
for complementing the male connector 77 is pro- 

5 vided on the top surface of the board 2 along the 
long side thereof in such a manner to open upwar- 
dly. In the connection portion 78, two rows of, for 
example, 1 00-pin connection terminals 79a are pro- 
vided at a narrow pitch of 0.5 mm along the left 

10 and right long sides. In contrast, the male connec- 
tor 77 is placed in the proximity of the CPU 75 
along one of the side edges of the first sub-board 
3'. Further, two rows of 100-pin connection termi- 
nals 79b respectively corresponding to the two 

15 rows of the connection terminals 79a of the con- 
nection portion are provided at a narrow pitch of 
0.5 mm along the left and right long sides on the 
outer surface of the male connector 77. Generally, 
in the case of a connector of such a type, the pitch 

20 of terminals for a wiring can be narrower in com- 
parison with the FPC. Even when the number of 
signal lines is increased to 32 (corresponding to 32 
bits) or more, a connector ol such a type can 
flexibly meet the increase in number of signal lines 

25 by requiring a smaller space, in comparison with 
the case of employing the FPC. As is well illus- 
trated in FIG. 16, the main board 2 f and the first 
sub-board 3' are integrally extractably coupled or 
connected to each other by facing the surface, on 

30 which the CPU is mounted, of the first sub-board 3' 
downwardly to the main board 2* and next forcibly 
fitting the male connector 77 into the connection 
portion 78 of the female connector. At that time, 
the CPU 75 coated with the protective resin 76 is 

35 enclosed in a space among the connectors 74 and 
77 and the second sub-board 7, which corresponds 
to a space, where the first TCP 5 is provided, in 
the case of the first embodiment. The thickness of 
the entire semiconductor device can be reduced. 

40 Further, it is convenient for securing electric con- 
nection between the main board 2 f and the first 
sub-board 3' that the board 2' is fixed to the sub- 
board 3' by keeping a constant interval there- 
between by use of an appropriate spacer member 

45 (not shown), similarly as in the case of the first 
embodiment. Naturally, both of the main board 2* 
and the first sub-board 3' can be mechanically 
fixed without the spacer member by using only 
connectors. Incidentally, various connectors of var- 

50 ious types other than the aforementioned type may 
be used as the connectors 74 and 77. Additionally, 
each of the connectors 74 and 77 may be placed 
at various positions other than the aforementioned 
positions employed in the case of the embodi- 

55 ments, for instant, on the central portion of the 
main board. 

Thus, in accordance with the present invention, 
there can be provided a semiconductor device 
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which has the adaptability to a special purpose, 
namely, ability to easily adapt to diverse functional 
requirements and operating conditions by suitably 
selecting a CPU to be mounted on the first sub- 
board and also selecting the memory capacity of a 
main memory. Thereby, the configuration of the 
main board can be formed in such a manner as to 
be able to be used in common for various pur- 
poses by unifying primary modules to be provided 
thereon. This is advantageous to the manufacturing 
of semiconductor devices. Especially, the second 
embodiment is different in pin configuration or as- 
signment of the CPU from the first embodiment. 
Moreover, in the case of the second embodiment, 
the number of interconnecting lines or wires to be 
connected to the CPU is increased, in comparison 
with the case of the first embodiment. The semi- 
conductor device of the present invention can easi- 
ly adapt to such a change of the CPU. Moreover, in 
accordance with the present invention, the wiring 
space of the main board can be increased. In 
addition, there is no limit to the wiring on the main 
board due to the CPU. Thus the present invention 
has an advantage in that the degrees of freedom in 
wiring design is increased. 

FIGS. 17 to 20 illustrate the terminal configura- 
tion or assignment of the connector 8 of the semi- 
conductor device 1, namely, of the aforesaid card- 
type computer. As shown in FIG. 7, the connector 
8 has a configuration comprising upper and lower 
lines of 1 1 8 pins. In this way, with the improvement 
of the performance of the semiconductor device, 
the number of pins of the connector 8 has been 
increased. Moreover, with the reduction in size of 
the semiconductor device, the pitch of pins of the 
connector 8 has been narrowed. Thus, an opening 
80 of the connector 8 is divided or partitioned by 
two reinforcing ribs 81 and 82, which are provided 
at horizontally asymmetric positions along the lon- 
gitudinal direction of the connector, into three 
opening portions 83 to 85, which are different in 
length from one another. Corresponding to this, the 
aforementioned terminal configuration is divided 
into three regions, namely, a first region of FIG. 17, 
a second region of FIGS. 18 and 19 and a third 
region of FIG. 20. The ribs 81 and 82, which are 
placed at the horizontally asymmetric positions, 
uniquely determine the direction in which the con- 
nector 8 is connected to an equipment. Thus, in 
the case where the card type computer is used by 
being connected to an equipment, there is no fear 
that the card type computer is fitted to the equip- 
ment in an erroneous direction. Moreover, naturally, 
in the case where the connector 8 is not of the 
female type as in the case of this embodiment but 
is of the male type, slot portions are provided 
therein in place of the ribs to thereby divide the 
terminal configuration. 


In the first region of FIG. 17, there are two 
parallel upper and lower rows of 28 pins, the pin 
numbers of which are 1 to 28 and 1 19 to 146. This 
region contains pins for connecting the computer 

5 primarily to external peripheral devices such as a 
liquid crystal display (LCD), a cathode ray tube 
(CRT), a keyboard, a mouse and a floppy disk 
drive unit. Further, in the second region of FIGS. 1 8 
and 19, there are two rows of 55 pins whose pin 

w numbers are 29 to 83 and 147 to 201. The second 
region contains pins associated with a serial inter- 
face, a power management system and an AT bus 
(or expansion bus). Moreover, in the third region of 
FIG. 20, there are two rows of 35 pins whose pin 

75 numbers are 84 to 118 and 202 to 236. This region 
contains pins concerning, for example, a serial in- 
terface, a parallel interface, a hard disk drive unit 
and a power management system. Furthermore, 
the output voltage level of signals assigned to 

20 these pins are 3.3 or 5 V. In the case where the 
signals have such relatively low output voltage lev- 
els, it is important to stabilize the signal output by 
eliminating the influence of external noises and 
radiation noises caused in the circuit. 

25 As illustrated in FIG. 17. a flat panel data shift 

clock signal (FPDOTCLK) for an LCD interface is 
assigned to a pin No. 121 adjacent to a pin No. 
120, to which a grounding line signal (GND) is 
assigned. This FPDOTCLK signal is one of control 

30 signals used for displaying an image in a flat panel 
display and more particularly, is a clock signal for 
shifting display data. The electric potential of this 
signal is stabilized by assigning this signal to a pin 
adjoining to another pin to which a grounding line 

35 signal. Thereby, a displaying operation of the LCD 
can be stabilized. 

Further, a blue signal (BLUE), a green signal 
(GREEN) and a red signal (RED) of an RGB signal 
for a CRT are assigned to pins Nos. 15 to 17 of 

40 FIG. 17, respectively, as signals for a CRT inter- 
face. Moreover, return signals (BRTN, GRTN, 
PRTN) corresponding to the blue, green and red 
signals assigned to the pins Nos. 15 to 17 of one 
of the two rows are assigned to pins Nos. 133 to 

45 135 of the other row, respectively, which are 
placed at the positions respectively facing the pins 
Nos. 15 to 17. The external noises and so forth are 
canceled by putting the circumstances of pins for 
outputting analog color signals for a CRT (namely, 

so the red, green and blue signals) as close as possi- 
ble to those of pins for receiving the corresponding 
return signals. Thus, a display on the CRT be- 
comes insensitive to the influence of the noises. 
Consequently, the quality of a display on the CRT 

55 can be improved. Further, the high quality of a 
display on the CRT can be maintained. 

Although the preferred embodiments of the 
present invention have been described above, it 
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should be understood that the present invention is 
not limited thereto and that other modifications will 
be apparent to those skilled in the art without 
departing from the spirit of the invention. For exam- 
ple, the main board and the first sub-board of the 
first embodiment can be connected with each other 
through the connector of the second embodiment. 
Conversely, the main board and the first sub-board 
of the second embodiment can be connected with 
each other through the FPC of the first embodi- 
ment. Further, various known methods other than a 
soldering, for example, a method of alloying the 
lead with land through a thermocompression, a 
method of using a sheet-like anisotropic electrically 
conductive film and a method of using a photo- 
curing insulating resin may be employed as a 
method for connecting the TCP with the circuit 
board. Moreover, the present invention can be also 
applied to cases of mounting other package type 
electronic components having leads, for instance, a 
QFP, on the board, similarly to the TCP. 

The scope of the present invention, therefore, 
is to be determined solely by the appended claims. 

Claims 

1. A card type semiconductor device having a 
CPU, an input/output device and a memory, 
which are mounted on circuit boards, wherein 
the circuit boards include: 

a main circuit board; and 

a sub-circuit-board electrically connected 
to the main circuit board, wherein 

the memory comprises a memory element 
mounted on the sub-circuit-board. 

2. The card type semiconductor device according 
to claim 1 , wherein the CPU is mounted on the 
main circuit board. 

3. The card type semiconductor device according 
to claim 1 , wherein the CPU is mounted on the 
sub-circuit-board . 

4. The card type semiconductor device according 
to claim 1, 2 or 3, wherein the main circuit 
board and the sub-circuit-board are connected 
with each other through a flexible printed cir- 
cuit. 

5. The card type semiconductor device according 
to claim 1, 2 or 3, wherein the main circuit 
board and the sub-circuit-board are detachably 
connected with each other through a pair of 
connectors in such a manner that the main 
circuit board and the sub-circuit-board are fac- 
ed to each other. 


6. The card type semiconductor device according 
to claim 4, wherein the sub-circuit-board is 
placed in such a manner as to face the main 
circuit board by bending the flexible printed 
5 circuit, wherein the flexible printed circuit is 

connected to a surface of the main circuit 
board, which is opposite to another surface 
thereof facing the sub-circuit-board. 

io 7. The card type semiconductor device according 
to claim 5 or 6, which further comprises means 
for integrally fixing the main circuit board and 
the sub-circuit-board, which are faced to each 
other. 

75 

8. The card type semiconductor device according 
to claim 4 or 5, which further comprises a 
card-shaped thin housing for enclosing the 
main circuit board and the sub-circuit-board 

20 therein, wherein at least a surface of the hous- 

ing is made of a metal plate outwardly pro- 
truded by drawing. 

9. The card type semiconductor device according 
25 to claim 1, which further comprises a connec- 
tor in which a large number of terminals to be 
connected to an external apparatus are ar- 
ranged, wherein two of the terminals are a dot 
clock signal terminal to be connected to an 

30 external liquid crystal display and a grounding 

terminal adjacent to the dot clock signal termi- 
nal. 

10. The card type semiconductor device according 
35 to claim 1, which further comprises a connec- 
tor in which a plurality of rows of a large 
number of terminals to be connected to an 
external apparatus are arranged, wherein three 
of the terminals of one of the plurality rows are 

40 an R-signal terminal, a G-signal terminal and a 

B-signal terminal which are connected to an 
external CRT, wherein three of the terminals of 
another of the plurality rows, which is parallel 
to the one of the plurality rows, are an R- 

45 return-signal terminal, a G-return-signal termi- 

nal and a B-return-signal terminal which cor- 
respond to the R-signal terminal, the G-signal 
terminal and the B-terminal, respectively, and 
are placed at positions facing the R-signal ter- 

50 minal, the G-signal terminal and the B-signal 

terminal, respectively. 

11. The card type semiconductor device according 
to claim 1, which further comprises a connec- 

55 tor in which a large number of terminals to be 

connected to an external apparatus are ar- 
ranged, wherein the connector has means for 
dividing a row of the terminals into horizontally 
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asymmetric portions arranged along the row. 

12. The card type semiconductor device according 
to claim 1, which further comprises a second 
sub-circuit-board mounted on a surface of the 
main circuit board, wherein an analog circuit 
part is mounted on the second sub-circuit- 
board, wherein a power supply terminal of the 
second sub-circu it-board is connected to a 
place of the main circuit board. 

13. A card type semiconductor device comprising: 

a plurality of electronic components moun- 
ted on circuit boards, wherein the circuit 
boards include: 

a main circuit board; and 

a plurality of sub-circuit-boards, on each of 
which the electronic components are mounted, 
wherein at least two of the plurality of sub- 
circuit-boards are mounted on both of opposite 
surfaces of the main circuit board in such a 
manner that a positions of one of the sub- 
circuit-boards, which is mounted on one of the 
opposite surfaces of the main circuit board, 
and a position of another of the sub-circuit- 
boards, which is mounted on a surface of the 
main circuit board opposite to the one of the 
opposite surface thereof, are symmetric with 
respect to the main circuit board. 

14. A method for manufacturing a card type semi- 
conductor device, in which a plurality of elec- 
tronic components are mounted on circuit 
boards, comprising the steps of: 

mounting the electronic components on a 
sub-circuit board; and 

placing the sub-circuit-board at a predeter- 
mined position on a main circuit board, and 
then detachably tentatively attaching the sub- 
circuit-board to the main circuit board and 
thereafter connecting the sub-circuit-board to 
the main circuit board. 

15. A card type semiconductor device in which a 
first IC package and a second IC package are 
mounted on a first surface and a second sur- 
face of a printed circuit board, respectively, 
comprising: 

a first connection portion for connecting a 
lead of the first IC package with a first land 
formed on the first surface; and 

a second connection portion for connect- 
ing a lead of the second IC package with a 
second land formed on the second surface, 
wherein the first surface is opposite to the 
second surface, wherein the first IC package 
and the second IC package are placed in such 
a manner that the second connection portion 


provided on the second surface is just in back 
of the first connection portion provided on the 
first surface. 

5 16. The card type semiconductor device according 
to claim 15, wherein the second connection 
portion provided correspondingly to a side of 
the second IC package is just in back of the 
first connection portion provided correspond- 

w ingly to a corresponding side of the first IC 

package. 

17. The card type semiconductor device according 
to claim 15, wherein the second connection 

75 portion provided correspondingly to each of all 

of four sides of the second IC package is just 
in back of the first connection portion provided 
correspondingly to a corresponding one of ail 
of four sides of the first IC package. 

20 

18. The card type semiconductor device according 
to claim 15, 16 or 17, wherein the first and 
second IC packages are equipped with IC 
chips which operate in conjunction with one 

25 another. 

19. The card type semiconductor device according 
to claim 18, wherein the first IC package is 
equipped with a CPU, wherein the second IC 

30 package is equipped with an I/O system which 

operates in response to the CPU. 

20. The card type semiconductor device according 
to claim 15, 16, 17, 18 or 19, wherein the first 

35 IC package or the second IC package is a tape 

carrier package. 

21. A card type semiconductor device comprising: 

a first IC package; and 
40 a second IC package, wherein the first IC 

package and the second IC package are 
mounted on both of opposite surfaces of a 
printed circuit board in such a manner that the 
second IC package is just in back of the first 
45 IC package, wherein the first IC package and 

the second IC package are connected to the 
opposite surfaces of the printed circuit board, 
respectively, through a die bonding, wherein 
the first IC package and the second IC pack- 
so age are connected to each other through a 
thermal via hole bored through the printed 
circuit board in such a manner that heat is able 
to be transferred between the first IC package 
and the second IC package. 

55 

22. The card type semiconductor device according 
to claim 21 , wherein leads of the first IC pack- 
age and the second IC package respectively 
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mounted on the opposite sides of the printed 
circuit board are coated with a thermally con- 
ductive resin. 

23. A method for manufacturing a card type semi- 
conductor device in which a plurality of IC 
packages are mounted on both of opposite first 
and second surfaces of a printed circuit board, 
comprising the steps of: 

placing a first IC package on the first sur- 
face of the printed circuit board and connect- 
ing the first IC package on the first surface of 
the printed circuit board by bonding a lead of 
the first IC package to a land formed on the 
first surface; 

turning the printed circuit board upside 
down and putting the printed circuit board on a 
pedestal in such a manner that a bonding 
portion between the lead of the first IC pack- 
age and the land formed on the first surface is 
supported by the pedestal; 

placing a second IC package on the sec- 
ond surface of the printed circuit board in such 
a manner that a bonding portion between a 
lead of the second IC package and a land 
formed on the second surface is just in back of 
the bonding portion between the lead of the 
first IC package and the land formed on the 
first surface; and 

bonding the lead of the second IC package 
to the land formed on the second surface by 
pressing the lead of the second IC package 
and the land formed on the second surface by 
use of pressing means corresponding to the 
pedestal. 

24. The method for manufacturing a card type 
semiconductor device according to claim 23, 
wherein the lead of the second IC package and 
the land formed on the second surface are 
heated when pressed by the pressing means, 
wherein the lead of the second IC package and 
the land formed on the second surface are 
bonded by performing a soldering. 

25. The method for manufacturing a card type 
semiconductor device according to claim 23, 
wherein the lead of the second IC package and 
the land formed on the second surface are 
heated when pressed by the pressing means, 
wherein the lead of the second IC package and 
the land formed on the second surface are 
bonded by performing a thermocompression. 

26. The method for manufacturing a card type 
semiconductor device according to claim 23, 
wherein the lead of the second IC package and 
the land formed on the second surface are 


heated when pressed by the pressing means, 
wherein the lead of the second IC package and 
the land formed on the second surface are 
bonded by using anisotropic electrically con- 
5 ductive film. 

27. The method for manufacturing a card type 
semiconductor device according to claim 23, 
wherein the lead of the second IC package and 

to the land formed on the second surface are 

irradiated with light when pressed by the 
pressing means, wherein the lead of the sec- 
ond IC package and the land formed on the 
second surface are bonded by using a photo- 

75 curing resin. 
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